Taste sensitivity plays a major role in controlling feeding behavior, and alterations in feeding habit induced by changes in taste sensitivity can drive speciation. We investigated variability in taste preferences in wild-derived inbred lines from the Drosophila melanogaster Genetic Reference Panel. Preferences for different sugars, which are essential nutrients for fruit flies, were assessed using two-choice preference tests that paired glucose with fructose, sucrose, or trehalose. The twochoice tests revealed that individual lines have differential and widely variable sugar preferences, and that sugar taste sensitivity is polygenic in the inbred population tested. We focused on 2 strains that exhibited opposing preferences for glucose and fructose, and performed proboscis extension reflex tests and electrophysiological recordings on taste sensilla upon exposure to fructose and glucose. The results indicated that taste sensitivity to fructose is dimorphic between the 2 lines. Genetic analysis showed that high sensitivity to fructose is autosomal dominant over low sensitivity, and that multiple loci on chromosomes 2 and 3 influence sensitivity. Further genetic complementation tests for fructose sensitivity on putative gustatory receptor (Gr) genes for sugars suggested that the Gr64a-Gr64f locus, not the fructose receptor gene Gr43a, might contribute to the dimorphic sensitivity to fructose between the 2 lines.
Introduction
Gustation is an important sensory system regulating animal feeding behavior, and hence influences the selection and uptake of nutrients essential for survival and reproduction. Genetic variation in natural populations is a driving force in the process of evolution, but determining the evolutionary processes underlying taste sensitivities is challenging. In vertebrates, the T1R2/T1R3 dimer is the sole taste receptor for sweet substances, and recent genomic studies have elucidated the evolutionary lineage of the 2 genes in different mammalian species (Max et al. 2001; Jiang et al. 2012) . In insects, little is known about genetic and physiological variations in taste sensitivities and their influence upon feeding preference. Recent research has suggested that mutational events influencing taste were key drivers of adaptation in Drosophila and in the cockroach (Wisotsky et al. 2011; Wada-Katsumata et al. 2013) . Drosophila melanogaster is a useful model organism for the investigation of taste and feeding behavior (Gerber et al. 2009 ). Sugars are an essential energy source for flies and several gustatory receptor (Gr) family proteins function as sugar taste receptors (Montell 2009; Miyamoto et al. 2012; Fujii et al. 2015) . To date, most of the D. melanogaster taste studies have used a few typical wild-type lines, such as Canton-S or Oregon-R; however, the diversity of genetic variation in taste sensitivity in the natural population remains uninvestigated. The Drosophila melanogaster Genetic Reference Panel (DGRP), which consists of inbred lines established from a natural population, enabled us to study genetic variations in a natural population (Mackay et al. 2012; Huang et al. 2014) . The DGRP lines are fully sequenced, and SNP analyses have revealed gene networks associated with several quantitative traits, such as starvation resistance and olfactory behavior (Mackay et al. 2012; Brown et al. 2013; Swarup et al. 2013) . We therefore studied sensitivities to sugars in the DGRP lines, with the aim of determining the extent of genetic variability in taste sensitivity in the natural population and further understanding the genes involved in sugar reception.
We show here that there are large strain differences in taste sensitivity to sugars among the DGRP lines. In particular, two-choice preference tests indicated that the preference for 4 kinds of sugar varies between lines. We then selected 2 lines showing opposing preferences for glucose and fructose, and compared their responses to glucose and fructose. The results indicated that sensitivity to fructose is responsible for the opposing preferences. Genetic analysis showed that high sensitivity to fructose is autosomal dominant over low sensitivity and that multiple loci control fructose sensitivity. Subsequently, we found the involvement of the Gr64a-Gr64f gene family in fructose sensitivity.
Materials and methods

Fly stocks
Flies were reared on a cornmeal-agar-yeast-wheatgerm-glucose medium at 25 °C under a 12 h light/dark cycle. The DGRP consists of inbred lines established by 20 generations of full-sib mating of the progeny of single female flies derived from natural populations in Raleigh, NC (Mackay et al. 2012) . Seventy-six DGRP lines (Supplementary Table 1) were obtained from the Bloomington Drosophila stock center. The strains were raised for several generations in our laboratory prior to experimentation. Chromosome exchanges were performed using 2 balancer strains, w*; Kr 
Two-choice preference test
The two-choice preference test was performed as previously described (Hiroi et al. 2004) . Put briefly, 2 pieces of filter paper were arranged in a diagonal arrangement on a Petri dish and wetted with 150 µL distilled water. Two further pieces were each soaked with 150 µL of 1 of 2 types of sugar solution, and individually colored with a blue (125 mg L ) food dye. Glucose solution (32.5 mM) was consistently colored blue, and other tastants were colored red. The food dyes used in this study do not influence preference (Tanimura et al. 1982) . Approximately 50-60 flies were starved for 20 h and were supplied only with water (Evian). The flies were subsequently aspirated into the Petri dish and left in darkness for 1 h. Preference tests were performed during the 1-6 PM time window. Each line was tested on different days for 3 combinations of sugars. After freezing the flies, the abdomen coloration was observed using a compound stereomicroscope. The preference index (PI) was calculated using the following formulae: ( To determine the concentration of sugars, we first performed pilot experiments using Canton-S for 3 combinations of sugars. We changed the sugar concentrations, while fixing the glucose concentration at 32.5 mM, and determined the sugar concentrations so that Canton-S flies showed intermediate PI values. Then, we tested several DGRP strains and confirmed that the PI values of the DGRP strains (76 strains for glucose vs. fructose, or 37 strains for glucose vs. sucrose and glucose vs. trehalose) were evenly distributed.
The PI values were assessed by the 2-way analysis of variance
where µ is the mean of the PI values, S is the fixed effect of sex, L is the random effect of DGRP line, S × L is the sex-by-line interaction term, and ε is the environmental variance. For each individual sex, the ANOVA model Y = µ + L + ε was used. Broad-sense heritabilities (H 2 ), coefficients of genetic (CV G ), and environmental (CV E ) variance, and the cross-sex genetic correlations (r MF ) were estimated from the variance components as described previously (Mackay et al. 2012) .
Proboscis extension reflex test
The proboscis extension reflex (PER) test was performed as previously described (Kimura et al. 1986 ). Put briefly, flies were fooddeprived for 22 h and supplied with water only. Male flies were fixed on a plastic plate with myristyl alcohol (Nacalai Tesque, Inc.) and left for 2 h in a moist chamber. The fixed flies were satiated with water prior to testing. Each fly was tested by stimulating the tarsal chemosensilla of one prothoracic leg with a small drop of sugar solution for 2 s, and the presence or absence of PER was recorded. The stimulations were performed in order from lower to higher concentrations of glucose and fructose solutions in turn, and the flies were tested with water between sugar stimulations. Exceptional flies that showed frequent positive responses to water were not included in the data set.
Electrophysiology
Electrophysiological recordings were performed on labellar chemosensilla using the tip-recording method, as previously described (Hiroi et al. 2002) . Put briefly, a glass capillary (ERMA, Inc.,) filled with adult hemolymph-like saline (Hiroi et al. 2013 ) was inserted from the abdomen through to the labellum and connected to the ground. Labellar l-type chemosensilla of male flies were stimulated for 2 s with a 10-15 µm diameter glass capillary electrode filled with stimulus solution. Stimulations were performed in order from lower to higher concentrations of glucose and fructose solutions in turn (each also containing 1 mM KCl as an electrolyte), and were started and finished with 1 mM KCl solution. The electric signals were amplified by a TastePROBE (Syntech) (Marion-Poll and van der Pers 1996), and further amplified and filtered by a differential amplifier (Warner Instrument Corp.). The signals were digitized by a 16-bit A/D conversion card DT9804 USB A/D (Data Translation, Inc.), and stored on computer. The recording data were analyzed using dbWave custom software provided by Marion-Poll (1996) .
Results
Genetic variation in preference for sugars between DGRP lines
To quantify how sugar preference varied between DGRP lines, we performed two-choice preference tests with 2 kinds of sugar with 76 DGRP strains. Previous studies predict that there are at least 3 separate sugar-receptor sites, for pyranose, furanose, and trehalose, in Drosophila sugar-responsive neurons (Ishimoto and Tanimura 2004) . On the basis of this hypothesis, we chose 3 sugar combinations for the two-choice tests: glucose (pyranose) versus fructose (furanose), glucose versus sucrose (pyranose), and glucose versus trehalose. Figure 1 shows the preference for glucose and fructose in the 76 DGRP lines. The PI values obtained for each line were distributed widely in the possible 0-1 range, indicating that there is an extensive and continuous difference in preference between the 2 sugars in the strains tested (Supplementary Table 1 ). The broad-sense heritability of H 2 = 0.662 underscores substantial genetic variations in taste sensitivity to these sugars among the DGRP lines (Supplementary Tables  2 and 3 ). Similar preference results were observed between glucose and sucrose among the 37 DGRP lines, with a broad-sense heritability of H 2 = 0.629 (Supplementary Figure 1A and Supplementary Tables 1-3). It is curious that extensive preference differences were observed between these 2 pyranose sugars. In the two-choice test between glucose and trehalose, we predicted that a dimorphic preference distribution would be observed due to the presence of a genetic dimorphism in taste sensitivity to trehalose (Tanimura et al. 1982) . Contrary to expectation, however, the PI values again showed an extensive and continuous distribution in sugar preference, with a broad-sense heritability of H 2 = 0.797 (Supplementary Figure 1B and  Supplementary Tables 1-3 ). These data imply genetic variation in the sensitivity to glucose as well as trehalose. The extensive and continuous distributions observed in all 3 of the pairwise tests cannot be explained by genetic variation in sensitivity to single sugars alone. Therefore, our results indicate that taste sensitivities to all these sugars are polygenic in the tested population.
The ANOVAs indicate that the preference for sugars is sexually dimorphic (sex terms in Supplementary Table 2) . Moreover, there were significant sex-by-line interactions except for glucose versus fructose (P = 0.05), indicating genetic variation in the magnitude of sexual dimorphism in the preference for sugars among DGRP lines (sex-by-line interaction terms in Supplementary Table 2 ). However, considering the high cross-sex genetic correlations (r MF = 0.949 for glucose vs. fructose, r MF = 0.840 for glucose vs. sucrose, r MF = 0.914 for glucose vs. trehalose; Supplementary Table 3), the sex-specific effects on the variation in preference for sugars appear to be relatively small.
Since food intake is genetically correlated with starvation resistance in the DGRP lines (Garlapow et al. 2015) , we tested the correlation between the preference for sugars and starvation resistance (Mackay et al. 2012 ) among the lines. The preference for sugars was shown to be largely independent of starvation resistance, although the variation in male PI values in glucose versus trehalose showed a weak negative correlation with starvation resistance (r = −0.334, P = 0.0436; Supplementary Table 4 ). By contrast, the feeding ratio of sugars was negatively correlated with starvation resistance in both sexes across all 3 combinations of sugars, as previously observed for food intake.
We further determined whether the PI values were correlated between the pairwise tests. Moderate positive correlations were observed in the distributions of PI values between glucose versus fructose and glucose versus sucrose in both male and female flies (Supplementary Figure 2A) . This correlation demonstrates that the perception mechanisms for fructose and sucrose have some functional overlap. The PI distributions for glucose versus trehalose were not correlated with any other PI distributions (Supplementary Figure 2B , C).
Behavioral and nerve responses to glucose and fructose
We found that the DGRP strains were variably sensitive to the sugars used in the two-choice test; however, the pairwise test cannot determine whether the taste sensitivity to either sugar is affected. We therefore chose to further investigate the disparity between glucose and fructose sensitivity, and selected 2 lines, DGRP_301 (as a representative line preferring glucose to fructose) and DGRP_712 (as a representative line preferring fructose to glucose), for additional experimentation. First, to determine whether the DGRP_301 and DGRP_712 flies exhibit different physiological responses to glucose and fructose, we performed PER tests by stimulating the tarsal chemosensilla with a range of glucose and fructose concentrations. There were no significant differences in the response to glucose between the 2 lines at any concentration ( Figure 2A) ; by contrast, the response to fructose was significantly higher in DGRP_712, which preferred fructose in the two-choice test, than in DGRP_301 ( Figure 2B) . Specifically, the PER ratio in DGRP_301 did not exceed 0.7, even when flies were stimulated with the highest concentration of fructose (1 M). These results demonstrate that the difference in the PI values between the 2 lines is attributable to fructose sensitivity, and thus we henceforth designate DGRP_712 as a fructose high-sensitivity line (HF), and DGRP_301 as a fructose low-sensitivity line (LF).
Next, to test whether the responses to glucose and fructose differ between the 2 lines at the gustatory receptor neuron level, we recorded nerve responses to these sugars from the l-type labellar chemosensilla by using the tip-recording method. Stimulation with sugar solution activates both the water-responsive and sugar-responsive receptor neurons, but the water response is inhibited by high osmolarity (Evans and Mellon 1962; Inoshita and Tanimura 2006; Cameron et al. 2010) . To precisely count the spikes originating from the sugar-responsive receptor neuron, we first determined the water-response spikes by stimulating sensilla with different concentrations of sorbitol, which does not stimulate the sugar-responsive taste neuron (Fujita and Tanimura 2011) . Supplementary Figure 3 indicates that the water response is similarly inhibited by sorbitol in the 2 strains. We then subtracted the number of water spikes at the appropriate sorbitol concentration from the total number of spikes elicited by glucose and fructose. No significant difference in the number of spikes was observed between the 2 strains at any glucose concentration ( Figure 3A,B) . By contrast, DGRP_301 (LF) demonstrated a significantly lower response to fructose than DGRP_712 (HF) ( Figure 3A,C) , which led us to wonder whether the minimal response of LF at high fructose concentrations resulted from habituation caused by sequential stimulation. We therefore tested the responses in LF with 1 M fructose alone and found that the number of spikes did not increase (Supplementary Figure 4) . This indicates that the low activity was not caused by habituation and that the l-type labellar chemosensilla in LF is insensitive to fructose rather than merely exhibiting a low responsiveness. In summary, these data indicate that there is no difference between HF and LF in the response to glucose, and that the responsiveness to fructose in LF is strikingly lower than in HF both at the behavioral level and the gustatory receptor neuron level.
Genetic analyses of fructose sensitivity
To compare the fructose sensitivity between HF and LF in more detail, we performed two-choice tests using 3-4 different concentrations of fructose against 32.5 mM glucose. Fructose sensitivity was determined as relative to glucose sensitivity. Most HF flies preferred fructose at 20 mM, while most LF flies only preferred fructose at concentrations of 160 mM or above ( Figure 4A ); thus distinct, separate fructose sensitivity curves were observed for the 2 strains. We then reciprocally crossed the 2 lines and obtained sensitivity curves for the F 1 offspring to determine genetic dominance. The curves of the F 1 populations were similar to the HF curve, regardless of parental sex combination, suggesting that high sensitivity to fructose is autosomal dominant over low sensitivity ( Figure 4A ). We also recorded the nerve responses of heterozygous flies obtained by reciprocal crossing of HF and LF (Supplementary Figure 5) . The results indicated that high sensitivity to fructose is autosomal dominant over low sensitivity, supporting the conclusion obtained by the behavioral results.
We then sought to discover whether autosome 2 or 3 is involved in the variability in fructose sensitivity. To this end, we used balancer chromosomes to establish 2 lines and tested their fructose sensitivity. In the first line, chromosome 2 was HF-derived and chromosome 3 was LF-derived (712; 301); the converse chromosome arrangement was present in the second constructed strain (301; 712). To exclude the possibility of using flies produced by rare recombination, we independently established 5 lines and selected 1 line per genotype by confirming that the sensitivity curves were similar between the lines (data not shown). The 301; 712 sensitivity curve was similar to the HF and F 1 curves ( Figure 4B ), while the 712; 301 curve was intermediate between the HF and LF curves. These data suggest that multiple loci from both autosomes are associated with the difference in fructose sensitivity between HF and LF, but that the major contributory locus is likely to be on chromosome 3.
Eight gustatory receptor (Gr) genes on chromosome 2 or 3, Gr43a, Gr61a, and Gr64a-Gr64f, have been reported to be involved in sugar responses (Miyamoto et al. 2012 (Miyamoto et al. , 2013 Fujii et al. 2015) . Especially, GR43A functions as an internal fructose sensor in the brain (Miyamoto et al. 2012) . We therefore asked whether these Gr genes are associated with the difference in fructose sensitivity between HF and LF. In order to perform a genetic complementation test for fructose sensitivity, we chose the DrosDel isogenic deficiency strains Df(2R)ED1715 (∆Gr43a), Df(3L)ED202 (∆Gr61a), and Df(3L)ED4341 (∆Gr64). In addition, Df(2R)ED2311, whose breakpoint contains no Gr gene, was used as a control strain. The heterozygotes of these deficient strains with HF (∆Gr/HF) Figure 2 . Behavioral responses of tarsal chemosensilla to glucose and fructose. PER tests were performed with glucose (A) and fructose (B) in 2 lines that showed opposing preferences for glucose and fructose. At least 12 male flies were tested per strain, and the PER ratio was calculated (n = 6). Error bars represent SEMs. Stimulations were performed with 3-1000 mM glucose and fructose in DGRP_301 (prefers glucose to fructose, closed circle), and with 3-300 mM glucose and fructose in DGRP_712 (prefers fructose to glucose, open square). The 2 lines were significantly different in their responses to fructose (Mann-Whitney U test, *P < 0.05, **P < 0.01), but not to glucose.
showed similar sensitivity curves to each other and to the HF curve ( Figure 5A ). On the other hand, the sensitivity curve of heterozygous flies from LF with Df(3L)ED4341 (∆Gr64/LF) was apparently different from that of the other heterozygotes between LF and deficient strains (Df(2R)ED2311/LF, ∆Gr43a/LF, and ∆Gr61a/LF) and similar to the LF curve ( Figure 5B ). These results suggest that (B, C) Dose-response curves to 10-1000 mM glucose and fructose, respectively. Dose-response curves were calculated by subtracting water spikes elicited by sorbitol solutions from the total spikes elicited by glucose and fructose solutions. Error bars indicate SEMs of the total number of sugar-induced spikes. Significant differences between the 2 lines were observed in the responses to fructose (1-way ANOVA, *P < 0.05, **P < 0.01; DGRP_301, n = 13; DGRP_712, n = 10), but not to glucose, at all concentrations.
the Gr64a-Gr64f gene region might contribute to the difference in fructose sensitivity.
It is intriguing that it is not the fructose receptor gene Gr43a but the Gr64a-Gr64f genes that are likely to be associated with variation in fructose sensitivity. We also tested fructose sensitivity in homozygous Gr43a GAL4 flies. The sensitivity curve of the Gr43a GAL4 flies was similar to the LF curve, although these flies showed a concentrationdependent preference for fructose, demonstrating the existence of another fructose receptor gene apart from Gr43a (Supplementary Figure 6) . Nevertheless, the rescue of the Gr43a gene (Gr43a
GAL4
; UAS-Gr43a) led to increased fructose sensitivity, comparable to that of HF. We further asked if the increase in fructose sensitivity is due to the rescue of Gr43a in the brain. Flies with restricted Gr43a expression in the brain (Gr43a
/Gr43a
GAL4
; UAS-Gr43a/Cha 7.4kb -GAL80) failed to rescue the phenotype, indicating that Gr43a expression in the peripheral organs notably affects fructose sensitivity. Taken together, peripheral GR43A is indeed involved in fructose sensitivity, although an additional fructose receptor protein is likely to exist.
Discussion
Drosophila melanogaster is an excellent experimental model for the study of evolution. Several studies have shown that differential behavioral traits can be identified in flies collected in natural populations, indicating the often polygenic nature of behavioral traits (Ehrman and Parsons 1981) . Previous research revealed the presence of genetic dimorphism with respect to taste sensitivity to trehalose in several D. melanogaster laboratory strains (Tanimura et al. 1982) . However, the extent of gustatory genetic variation in natural populations is unknown. Recent molecular studies have revealed that several Gr family genes are implicated in sugar taste sensitivity (Freeman and Dahanukar 2015; Fujii et al. 2015) , and understanding the evolutionary processes underlying Gr gene diversification will provide valuable insights into diet, speciation, and colonization (Wisotsky et al. 2011) .
The DGRP comprises a valuable resource for the elucidation of complex relationships between behavioral and physiological traits and genotypes, relationships that were not previously accessible through mutant analysis alone. In this study, we used the twochoice preference test with DGRP flies to show that there are genetic variations in sugar sensitivity in the wild-derived inbred Drosophila population. We performed two-choice preference tests between glucose and fructose, glucose and sucrose, and glucose and trehalose in the DGRP lines. PI values among the lines were evenly and continuously distributed for all 3 pairwise sugar comparisons, indicating that taste sensitivity to sugars is a polygenic trait. In the two-choice test, the flies were allowed to choose between 2 kinds of sugar. Flies are assumed to preferentially drink sugar that is more stimulative, and the choice of behavior therefore depends on the sensitivities of flies to the presented sugar types (Tanimura et al. 1982) . Thus, the observed phenotypic variation might mostly be due to the difference in taste sensitivity to sugars. Our two-choice protocol lets flies choose sugars for 1 h, so physiological and post-ingestive effects are unlikely to influence the preference for sugars.
Previous electrophysiological studies demonstrated that there are at least 3 separate sugar-receptor sites (for pyranose, furanose, and trehalose) in the sugar-responsive neurons of larger flies and fruit flies, and that glucose and sucrose are co-detected by the pyranose site (Ishimoto and Tanimura 2004) . On the other hand, recent studies have implied that functional sugar receptors might serve as heterodimers or heteromultimers and that the constituent GR proteins appear to be partly redundant between receptors for sugars (Dahanukar et al. 2007; Jiao et al. 2007 Jiao et al. , 2008 Slone et al. 2007; Fujii et al. 2015) . Variable preferences for the paired sugars in the DGRP population might be due to the variations in these Gr genes, which lead to the differences in ligand affinities and/or the kinetics of coupling the functional sugar-receptor proteins to transduction mechanisms.
The fructose sensitivities of the DGRP_712 (HF) and DGRP_301 (LF) strains were remarkably different, as determined through analyses at the behavioral level and the gustatory receptor neuron level. Surprisingly, l-type labellar chemosensilla in LF exhibited a minimal response to fructose, even at high concentrations. However, we did observe PER when stimulating the tarsus of a foreleg in LF with fructose, although the response was lower than that in HF. Similarly, in the two-choice preference test, LF flies preferred fructose to glucose only at high fructose concentrations. Hence, although the labellar nerve responses to fructose in LF are notably low, the flies retain some ability to detect fructose. Given that a previously identified fructose receptor gene, Gr43a, is expressed in tarsal taste sensilla but not in the labellum (Miyamoto et al. 2012; Fujii et al. 2015) , an additional receptor for fructose should be involved in the fructose response of labellar sensilla, as our behavioral assay suggested. Moreover, we suggest that the Gr64a-Gr64f genes are involved in fructose sensitivity. This is consistent with previous observations that l-type labellar chemosensilla in flies partly deficient in the Gr64 region show no response to fructose (Dahanukar et al. 2007; Freeman et al. 2014) .
Our studies revealed that there are genetic variations governing sensitivities to sugars in a natural population of Drosophila. It is a fascinating and challenging problem to understand why these genetic variations are present. It is interesting that extensive genetic variations were observed in taste sensitivity in the DGRP lines, because the lines are established from flies collected in the "Raleigh Farmers Market" (Mackay et al. 2012) . Determining how polymorphisms in sensitivity to sugars arise will contribute to understanding the mechanisms of changing taste sensitivity during incipient speciation and colonization and will also contribute to pest control (WadaKatsumata et al. 2013) .
The results of our genetic analyses imply that several genes participate in variation in sugar taste sensitivity, although we suggest that the sugar receptor genes Gr64a-Gr64f contribute to differences in fructose sensitivity between the 2 DGRP lines. The results obtained in this study provide a platform for genome-wide association studies by adding more phenotypic data of the DGRP lines, which will allow us to know the involvement of such genes in variations in sugar sensitivity. We also checked the SNPs of coding and regulatory regions of Gr43a and Gr64a-Gr64f in the DGRP lines by UCSC Genome Browser track at http://dgrp2.gnets.ncsu.edu/ (last accessed 4 January 2017), and we found several nonsynonymous SNPs in coding regions of these genes, but so far we could not find plausible SNPs that might be associated with the fructose sensitivity dimorphism between DGRP_301 and DGRP_712. We also could not identify regulatory elements that might affect expression of these Gr genes. Further work should be carried out to reveal which of the Gr64a-Gr64f genes is involved in fructose sensitivity and to identify the genetic sequence variations associated with fructose sensitivity in the DGRP lines. Our current analyses suggest that such analyses are still painstaking because of our lack of knowledge regarding the genetic regulation of the Gr64a-Gr64f gene complex. Nonetheless, identifying genes associated with variation in taste sensitivity would enable us to explore the evolution of Gr genes in flies living in different locations and niches.
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